TRIPOD CONSTANT VELOCITY UNIVERSAL JOINT 



BACKGROUND OF THE INVENTION 

a. Field of Invention 
The present invention relates to a plunging type 
tripod constant velocity universal joint for use in 
transmission of power in automobiles/ industrial machines, 
and the like. 

b. Prior Art 

A tripod constant velocity universal joint, as shown 
in the left half of Fig. 4, comprises an outer joint member 
10' having three axial track grooves 12' in the inner 
periphery thereof and formed with roller guide surfaces 14' 
in the opposed side wails of each track groove 12', a 
tripod member 20 ' having a trunnion barrel 21 adapted to be 
fitted to a shaft for torque transmission and trunnion 
journals 22' , radially projecting from 1 three 
circumf erentially equispaced positions on the trunnion 
barrel 21', and rollers 30' each rotatable around the 
trunnion journal 22' through a plurality of needle rollers 
32' and received in the track groves 12' of* the outer joint 
member 10 ; , the roller 30' being guided in the outer 
peripheral surface by the roller guide surfaces 14', 
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There are two forms of contact between the roller 30' 
and the roller guide surfaces 14' ; angular contact and 
circular contact. Angular contact has a certain corrcact 
angle and occurs at two points (Fig. 5A) . Circular contact 
occurs at one point and the contact ratio generally 
employed ranges from 1*002 to 1*008 (Fig, SB), 

In the case of angular contact, when a contact 
ellipse is produced at two points in the direction of the 
contact angle and a predetermined torque is applied, it is 
necessary that the contact ellipse be in the width of the 
roller 30' . For this reason/ in the existing circumstance; 
the proportion of the width of the roller 30' to the outer 
diameter ranges frora 32% to 36%. Further, even if the 
contact angle and contact ratio are reconsidered/ the total 
widthwise contact length exceeds the width of the roller 
30' * The phenomenon of both ends of the roller 30' cutting 
into the roller guide surfaces 14' or the phenomenon of two 
contact ellipses k overlapping each other in the middle of 
the roller 30' r which has been an obstacle to improvement 
of life and to the reduction of vibration, cannot be 
avoided , 

in the case of conventional circular contact, since 
the contact ratio ranges from 1.002 to 1.003 when a 
predetermined torque is applied, the widthwise contact 
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ellipse length some times exceeds the width of the roller 
30 ' . For this reason/ there is a limit to the reduction of 
the width of the roller 30' as in the case of angular 
contact. In the existing circumstances, the proportion of 
the width of the roller 30' to the outer diameter ranges 
from 32% to 36%, Further, if the width of the roller 30' 
is reduced/ the total widthwise contact length far exceeds 
the width of the roller 30', obstructing the improvement of 
life and the reduction of vibration* 

Further, in both angular contact and circular contact, 
the roller guide surfaces 14' have a radius of curvature at 
a certain contact ratio and the major and minor inner 
diameters are, as such, connected at R (without relief) . 
When the tripod joint is rotating while taking an operating 
angle/ an angular displacement also occurs between the 
roller 30' and the roller guide surfaces 14' . This causes 
wearing of the roller guide surfaces to proceed. Then, 
there occurs on both the major and minor diameter sides the 
phenomenon of both ends of the roller 30' cutting into the 
roller guide surfaces 14' , forming a cause of increasing 
the vibration. 

Accordingly/ an object of the invention is to solve 
the problems as described, so as to achieve reduced 
vibration and hence weight reduction and compactif ication 



of a tripod joint without aggravating the vibration 
characteristics , 

In the conventional tripod joint, the clearances 
(radial clearance, circumferential clearance} between the 
trunnion journal 22', the needle rollers 32' and the roller 
30 ' have not been set in consideration of the skew angle. 
The skew of a roller, as shown in Fig. 6, means that the 
axis of the roller inclines at a certain small angle ( 9 ) 
rather than forming right angles with the direction of 
travel , 

It has been found that the NVH characteristic of 
tripod joints depends on the angle at which needle rollers 
can actually skew. The skew angle is determined by the 
radial clearance and circumferential clearance but this has 
not heretofore been taken into consideration, Therefore, 
the NVH characteristic differs according to differences in 
the proportions or size of a tripod joint and optimization 
of this situation has not been made at present. 

Another object of the invention is, therefore, to 
reduce vibration of tripod constant velocity universal 
joints by suppressing the skew of needle rollers. 

Generally, tripod joints are designed with particular 
attention paid to the aspect of strength (torsional 



4 



strength) . The strength is uniquely determined usually by 
the minimum outer diameter of the shaft, and then the 
strength of the tripod member or the strength of the roller 
is considered. The strength Is evaluated mainly in two 
ways: static torsional strength (test), and pulsating 
fatigue strength (test) . Usually, in the two tests, it is 
arranged that the shaft is the first to break. Therefore, 
it is arranged that the tripod member or the roller has a 
strength not less than that of the shaft* 

The static torsional strength is evaluated, in ^ a 
static torsional test with torque applied to a tripod joint, 
by a torque with which one region or another is torsionally 
broken. The pulsating fatigue strength is evaluated by the 
number of cycles with which one region or another breads 
when a predetermined pulsating torque is applied to a 
tripod joint. 

The strength of the tripod member depends on the 
strength of the root of the trunnion journal and the 
strength of the trunnion barrel. Increasing the trunnion 
journal diameter increases the strength of the root of the 
trunnion journal, and increasing the outer - diameter of the 
trunnion barrel increases the strength of the trunnion 
barrel . 



However, increasing the trunnion journal diameter 
would necessarily increase the outer diameter of the roller, 
while increasing the outer diameter of the trunnion barrel 
would involve an increase in the minor inner diameter of 
the outer joint member. Therefore, in achieving the weight 
reduction and compactif ication of the tripod joint, it is 
not sufficient simply to reduce the size of the shell of 
the outer joint member, since limitation is imposed on the 
operating region (geometry) of the tripod joint; therefore, 
balanced design of the various portions becomes important. 

Further, rolling fatigue life {flaking life) of the 
rolling section, particularly between the needle rollers 
and the trunnion journal also has to be considered. In 
durability tests, when the tripod joint is driven at a 
predetermined rpm while applying a predetermined torque, 
the evaluation of durability is made by the number of 
cycles or time taken for flaking to occur. Usually, this 
durability can be improved by increasing the outer diameter 
or length of needle rollers or their number, a$ is known; 
however, this would lead to an increase in the size of the 
shell of the outer joint member. 

Therefore, with the balance between strength and 
durability in mind, the present invention is also intended 
to reduce the size of the shell of the outer joint member 
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as much as possible so as to achieve weight reduction and 
compactif icaticn of a tripod joint. 

SUMMARY OF THE INVENTION 

According to an embodiment of the invention, a tripod 
type constant velocity universal joint comprises an outer 
joint member having three axial track grooves in the inner 
periphery and roller guide surfaces formed in the opposed 
side walls of each track groove, a tripod member having 
three radially projecting trunnion journals, and rollers 
rotatiabie around the respective trunnion journals through a 
plurality of needle rollers and received in the track 
grooves of the outer joint member, each roller being guided 
in the outer peripheral surface by the roller guide 
surfaces, wherein contact between the roller and the roller 
guide surfaces is circular contact whose contact ratio is 
1.01 or above and the width dimension of the roller is 
reduced to the extent that the contact ellipse produced in 
the roller during the application of a predetermined torque 
does not deviate from the end surface of the roller* By 
ensuring that the form of contact between the roller and 
the roller guide surfaces is circular contact and setting 
the contact ratio such that the widthwise contact ellipse 
length under a predetermined torque load is not more than 
the widthwise length of the roller, it is made possible to 
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achieve weight reduction/ compactifi cation and good 
durability. 

The contact ratio of the roller to the roller guide 
surface may be so set that the surface contact pressure 
produced on the roller during the application of a 
predetermined torque is not more than the contact surface 
pressure produced between the trunnion journal and the 
needle rollers. In particular, the contact ratio of the 
roller to the roller guide surface may range from 1.02 to 
1.2. 

The ratio Ls/do of the width (Ls) to the outer 
diameter (do) of the roller may be equal to or less than 
0,32, Preferably/ the ratio Ls/do may range from 0,24 to 
0*27. As zhe result of setting the contact ratio so that 
the contacz ellipse length is equal to or less than the 
widthwise length of the roller, it becomes possible to 
reduce the roller width, contributing to the 
compactif ication of the outer joint member and hence of the 
tripod joint. 

The portion of the roller guide surface corresponding 
to the end of the roller may be formed with a relief 
portion. The provision of such relief portion prevents the 
roller from cutting into the roller guide surfaces and 
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makes it possible to obtain good vibration characteristics* 
Since the corner R portion (which is a cold forged surface, 
thus having no edge) which connects the radius of curvature/ 
R, of the roller guide surfaces to the relief portion makes 
contact within the range of the roller outer diameter R 
surface, no cutting-in occurs. Preferably, the relief 
portion may be in the form of an arc smoothly connected to 
the roller guide surface. 

The angle at which a needle roller can actually skew, 
that is r the freedom of making of skew angle is restricted 
by the diametrical clearance (radial clearance) and by the 
clearance between rollers in the pitch circle 
(circumferential clearance) , and the smaller of the two 
clearances has a greater influence* In the case of skew 
due to circumferential clearance, skewing is allowed until 

needle rollers contact each other; thus, the skew angle ( 6 
1) in zhis case is expressed by formula 1: 

B l=COS' 1 {d/ (D-d) }3IN(rc/Z) } (1) 

In formula 1, D is the inner diameter of the rollers, d is 
the needle roller diameter and Z is the number of rollers. 

Further, in the case of skewing based on the radial 
clearance, since skewing can continue until both ends of 
the roller contact the roller inner diameter, the skew 
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angle 8 2 this time is expressed by formula 2: 

0 2^sin" 1 (2V^/D (2) 

In formula 2, gr is the radial clearance and 1 is the 
effective length of the roller. 

These skew angles 6 1 and 6 2 are obtained and the 
smaller one is the skew angle that can actually occur 
(refer to n BEARINGS" BY Kforiraune Soda, published by Iwanami 
Shoten, Publishers) . 

And when the radial clearance is set so that the 
relation between both skew angles Q 1 and 8 2 is 9 1 > 9 2 
and so that the skew angle 8 2 is 4,0° - 4,5° r it has been 
found that the vibration producing force on the tripod 
joint is at a minimum. With this taken into consideration, 
it is possible to attain optimization concerning the 
reduction of vibration of the tripod joint. 

According to another embodiment of the invention, the 
tripod constant velocity universal joint comprises an outer 
joint member having axialiy extending track grooves formed 
at three circumf erentially eguispaced positions in the 
inner periphery, a tripod member consisting of a trunnion 
barrel adapted to be fitted to a shaft for torque 
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transmission and trunnion journals radially projecting trcxa\ 
three circumferentially eguispaced positions in the 
trunnion barrel/ and rollers respectively attached to the 
trunnion journals for rotation through a plurality of 
needle rollers and received in the track grooves/ each 
roller being guided at its outer peripheral surface by 
roller guide surfaces formed in opposite lateral walls Of 
the track groove, wherein the skew angle of the needle 
rollers is controlled so that it is within a predetermined 
specified value. 

The skew angle ( & 2) of the needle rollers which is 
caused by the radial clearances in the needle rollers in an 
annular space between the roller and the trunnion journal 
may be controlled so that: it is within a predetermined 
specified value. The skew angle {6 2) can be determined by 
suitably combining the values of the roller inner diameter 
D, radial clearance gr r effective length 1 of the needle 
roller, on the basis of formula 2 as previously referred to 

Specifically, the preferable range of skew angle ( 8 
2) may range from 4*0° to 4.5° . This is based on the 
finding that the thrust force is at a minimum when the skew 
angle (8 2) is in the range of 4,0° - 4.5° . If the skew 
angle {9 2} exceeds 4,5* , the thrust force increases, 
until it is saturated at a certain level, while, reversely 
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if the skew angle (0 2) is less than 4.0, the thrust forcr 
tends to increases. 

The skew angle (0 1) of the needle rollers which can 
be produced by the circumferential clearances may be larger 
than the skew angle (0 2) of the needle rollers which can 
be produced by the radial clearances in an annular space 
between the roller and the trunnion journal. As described 
above, the smaller of the two types of skew angles, the 
skew angle (9 1) which can occur due to the circumferential 
clearance and the skew angle (0 2) which can occur due to 
the radial clearance, is the skew angle which can actually 
occur; therefore, measures against skewing of needle 
rollers can be taken by controlling only this skew angle 
( B 2) by reducing the latter. 

The contact ratio between the roller and the roller 
guide surfaces may ranges from 1.02 to 1,2 and the width 
dimension of the, roller may be reduced to such a degree 
that the contact ellipse produced in the roller does not 
deviate from the end surface of the roller during the 
application of a predetermined torque- The reason is that 
if the contact ratio is snail during the torque application, 
the contact ellipse becomes larger, exceeding the width 
dimension of the roller, leading to a short life, while, 
reversely, if the contact ratio is large, the contact 
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ellipse becomes smaller, but the surface pressure increases, 
accelerating the wearing of contact portions, leading to a 
short life. 

Further, reducing the width dimension of the roller 
contributes to the compactif ication of the outer joint 
member and hence the tripod joint in its entirety* 
Specifically, it may be preferable that the ratio (Ls/do) 
of the width (Ls) to the outer diameter (do} of the roller 
be in the range of 0.24 - 0.27, The smaller this ratio 
(Ls/do) , the smaller ^he width (Ls) of the roller for i£s 
outer diameter (do), contributing more greatly to the 
compactif ication. However, excessively reducing the ratio 
would increase the surface pressure, leading to lowering 
the strength and durability; thus, the lower limit has bean 
determined from this point of view. 

The width dimension of the rollers and the length of 
the needle rollers may be so set that the contact surface 
pressure produced between the roller and the roller guide 
surfaces is substantially equal to the contact surface 
pressure produced between the trunnion journal and the 
needle rollers. The reason is that equalizing the contract 
pressures prevents premature wearing of either one to 
ensure that the durability of the tripod joint in its 
entirety will not be degraded. 



The strength and durability of a tripod joint are 
governed mainly by the following design parameters. 

Strength parameters: shaft diameter, trunnion 
journal diameter, trunnion barrel diameter r trunnion barrel 
width/ serration length, roller wall-thickness, roller 
width, 

Durability parameters; PCD, trunnion journal diameter, 
needle roller length (effective diameter) % roller width, 
needle roller diameter. 

As for balance between strength and durability of a 
conventional article/ too much weight is given to the 
durability side, making it difficult to secure torsional 
strength when weight reduction and compactif ication are to 
be achieved. Further, in the operating region (geometry] , 
if the shaft diameter is kept unchanged and similarity 
design is made with the minor inner diameter/major inner 
diameter ratio of the outer joint member as it is, the 
operating region will decrease, 

(D Shaft diameter/roller guide surface pitch circle 

diameter { ds/?CD) 

© Trunnion barrel diameter/trunnion outer diameter ( £ 
dr/SDj ) 
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© Minor inner dianeter/major inner diameter of outer 
joint member (#D2/#D1) 

® Roller width/roller outer diameter (Lb/ <£Ds) 
® Trunnion journal diameter/roller outer diameter ( 4> 
Dj/<£Ds) 

© Trunnion journal diameter/shaft diameter (<£Dj/<£ds) 
CD Needle roller length/trunnion journal diameter (Ln/ 
Dj) . 

Reconsideration of the dimensional proportions in the 
seven above-mentioned items provides an arrangement tor 
tripod joints whi.cn is balanced between strength and 
durability and which is light in weight and compact. 
Further, it becomes possible to secure the slide amount 
without decreasing the operating region (geometry) . And 
the reduction of the difference in wall thickness between 
the major and minor inner diameters of the outer joint 
member , and the reduction of the trunnion journal length 
make it possible .to improve f orgeability • 

According to other embodiment of the invention, the 
tripod joint comprises an outer joint member having axially 
extending track grooves formed at three circumf erentially 
equispaced positions in the inner periphery, a tripod 
member consisting of a trunnion barrel adapted to be fitted 
to a shaft for -orque transmission and trunnion journals 
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radially projecting from three circumf erentially equispaced 
positions in the trunnion barrel, and rollers each 
rotatable around the associated trunnion journal through & 
plurality of needle rollers and received in the track 
grooves/ each roller being guided at its outer peripheral 
surface by roller guide surfaces formed in opposite lateral 
walls of the tracK groove. The torsional strength of the 
tripod member and the torsional strength of the smallest 
outer diameter portion of the shaft are set to be 
substantially equal/ and the surface pressure on the 
trunnion journals in rolling contact with the needle 
rollers is allowed up to a predetermined value. 

The ratio dr/SDj of the outer diameter dr of the 
trunnion barrel to the outer diameter SDj of the trunnion 
may range from 0 > 65 to 0*70. 

The ratio ds/PCD of the diameter ds of the shaft to 
the pitch circle diameter PCD of the roller guide surfaces 
may range from 0*50 to 0.55. 

The ratio D2/D1 of the minor inner diameter D2 to the 
major inner diameter Dl of the outer joint member may range 
from 0.66 to 0,72, 

The ratio Ls/Ds of the width Ls to the outer diameter 
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Ds of the rollers may range from 0.24 to 0.27. 



The ratio (Ln/Dj) of the length Ln of the nsadle 
rollers to the trunnion journal diameter Dj may range from 
0.47 to 0.50. 

The ratio Dj /Ds of the trunnion journal diameter Dj 
to the roller outer diameter Ds may range from 0.54 to Q a 57 a 

The the ratio Dj/d of the trunnion journal diameter 
Dj to the diameter d of the shaft may range from 0.83 to 
0.86. 

The roots of the the trunnion barrel and the trunnion 
journal may be of two-step shape, and the corner at the 
trunnion journal may be one R surface, or a round surface, 
continuously extending with a predetermined radius of 
curvature . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an enlarged sectional view of a region of 
contact between a roller and a roller guide surface in a 
tripod constant velocity universal joint according an 
embodiment of the invention; 

Fig. 2A is a cross sectional view of the tripod joint; 
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Fig. 2B is a longitudinal sectional view of the tripod 
joint; 

Fig- 3A is an end view of an outer joint member; 

Fig* 3B is a sectional view of a trunnion journal and 
its surrounding region; 

Fig, 3C is a partial enlarged view of Fig, 3B; 

Fig. 4 shows cross sectional views of tripod joints, 
with an embodiment of the invention and a conventional 
example shown side by side for comparison; 

Fig* 5A and 5B are enlarged sectional views of a region 
of contact between the roller and the roller guide surface, 
respectively shewing angular contact and circular contact; 

Fig. 5 is an explanatory view for explaining the skew 
of a needle roller; 

Fig. 7 is a graph showing the relation between skew 

angle (8 2) and induced thrust; 

Fig. 8A is an enlarged sectional view of the root of a 
trunnion journal; 

Fig. 8B is an enlarged sectional view of a portion 

corresponding to Fig, 8A in a conventional tripod joint ; 

Figs. 9A and 9B are, respectively a cross sectional 
view and a longitudinal sectional view of, a tripod unit, 
both showing the dimension of various portions of the 
tripod joint. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring to Figs. 1 through 3C, a first embodiment 
of the present invention will be described. 

As shown in Figs. 2A and 2B, a tripod constant 
velocity universal joint has, as main components, an outer 
joint member 10 which connects to one of two rotary shafts 
to be connected/ and a tripod unit {20, 30, 32) which 
connects to the other rotary shaft. 

The outer joint member 10 is in the form of a hollow 
cup having three axiaily extending circumf erentially 
equispaced track grooves 12. Each track groove 12 has 
roller guide surfaces 14 formed in the opposed side walls 
thereof. This roller guide surface 14 is part of a 
cylindrical surface/ i.e., a partial cylindrical surface, 
parallel with the axis of the outer joint member 10. The 
cross section of t the outer joint member 10 is, as shown in 
Fig, 3A, in the form of a corolla in which 
circumf erentially alternately appearing minor inner 
diameter portions IS of diameter Dl and major inner 
diameter portions 18 of diameter D2 are connected by the 
roller guide surfaces 14. 

The tripod unit includes a tripod member 20, roller 



30 and a plurality of needle rollers 32. 

The tripod member 20 has three radially projector,;- 
trunnion journals 22 at circumf erentially equispaced 
positions. As shown in Fig. 3B, each trunnion journal 22 
has a cylindrical outer peripheral 24 and an annular ring 
groove 2 6 formed adjacent the shaft end. The trunnion 
journal 22 has a roller 30 rotatably fitted thereon through 
a plurality of needle rollers 32. The cylindrical outer 
peripheral surface 24 of the trunnion journal 22 provides 
an inner raceway surface for the needle rollers 32. The 
inner peripheral surface of the roller 30 is cylindrical 
and provides an outer raceway surface for the naadle 
rollers 32. 

The needle rollers 32 contact an ourer washer 34 at 
their end surfaces disposed outside as seen radially of the 
trunnion 20 and an inner washer 38 at their opposite end 
surfaces. Axial movement of the outer washer 34 is 
controlled by a circlip 36 fitted in the ring groove 2 6 and 
hence the axial movement of the needle rollers 32 is also 
controlled. As shown in Fig* 3C, the outer washer 34 
consists of a disk portion 34a extending radially of the 
r runnign journal 22, and a cylindrical portion 34b 
extending axially of the trunnion journal 22. The 
cylindrical portion 34a of the outer washer 34 has an outer 
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diameter smaller than the inner diameter of the roller 30 
and its end 34c disposed outside as seen radially of the 
tripod member 20 is increased in diameter to have a 
diameter larger than the inner diameter of the roller 30. 
Therefore, the roller 30 is capable of moving axially of 
the trunnion journal 22. 

The outer peripheral surface of the roller 30 is part 
of a spherical surface, i.e., a partial spherical surface, 
and has a center of curvature at a portion radially spaced 
away from the axis and its curvature is slightly smaller 
than that of the roller guide surfaces 14 (see Fig. 1) . 
Further, the form of contact between the roller 30 and the 
roller guide surfaces 14 is arc-to-arc contact as seen in a 
cross section, i.e., circular contact* 

If the contact ratio of the roller 30 to the roller 
guide surfaces 14 is smaller, during the application of 
torque the contact ellipse becomes larger, until it exceeds 
the width of the roller 30, thus reducing the life. 
Reversely, if the contact ratio is larger, the contact 
ellipse becomes smaller, but the surface pressure increases 
to accelerate the wearing of the contact- portions, thus 
reducing the life. Structurally, however, the surface 
pressure in the tripod joint is severest in the region 
between the trunnion journal 22 and the needle rollers 32; 
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therefore, it is recommended to set the contact ratio so 
that the surface pressure in this region does not exceed 
the limit. Specifically, this contact ratio is preferably 
in the range of 1.02 - 1,2, more preferably 1,05 - 1.18. 

By setting the contact ratio so that the length of 
the contact ellipse is not more than the widthwise length 
Ls {Fig, 3B) of the roller 30, it becomes possible to 
reduce the width of the roller 30. Further, doing so 
contributes to the compactif ication of the outer joint 
member 10 and hence the tripod joint in its entirety. 
Concretely, the ratio Ls/do of the width Ls to the outer 
diameter do of the roller 30 is 0.32 or less, more 
preferably 0.24 - 0.27. The contact ellipse is shown in 
two-dot chain lines in Fig. 1. 

As the tripod joint rotates while taking an operating 
angle, an angular displacement also occurs between the 
roller 30 and the roller guide surfaces 14. At this time, 
as already described, there occurs a phenomenon in which 
both ends of the roller 30 cut into both ends of the roller 
guide surfaces 14, i.e., the minor and major inner diameter 
portions 16 and 18 of the outer joint member 10, with the 
result that the vibration characteristics aggravates. To 
prevent this, as shown in Fig. 1, relief portions 15a and 
15b are formed in both ends of the roller guide surfaces 14. 
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Let d be the diameter of the relief portions 15a and 
15b and di be the diameter of the end surface of the roller 
30, then the amount of relief is expressed by (d - di} / 2. 
If this amount of relief is too small, the phenomenon of 
the roller 30 cutting into the roller guide surfaces 14 
cannot be effectively avoided. Reversely, if the amount of 
relief is too large, the roller 30 slips off or the area of 
contact between the roller 30 and the roller guide surfaces 
14 reduces, rather forming a cause of aggravation of the 
vibration characteristic and short life. Therefore, the 
optimum amount of relief is such that the contact ellipse 
is within the width of the roller 30 at least during the 
application of a predetermined torque and no cutting-in 
occurs* To this end, the diameter d of the relief portions 
15a and 15b is not less than the roller end surface 
diameter di . 

The relief portions 15a and 15b, as seen in a cross 
section (Fig. 1), are formed by an arcuate curve which 
smoothly respectively connects both ends of the roller 
guide surfaces 14 to the minor and major inner diameter 
portions 16 and 18 of the outer joint member 10, In the 
embodiment shown by way of example in Fig, 1, the length of 
the contact ellipse shown in two-dot chain lines is equal 
to the distance between the points of connection between 
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the roller guide surfaces 14 and the relief portion 15a 
15b. 

As has been described, in the first embodiment of the 
invention, the form of contact between the roller and the 
roller guide surfaces is circular contact and the contact 
ratio is set so that the widthwise contact ellipse length 
is not more than the widthwise length of the roller during 
the application of a predetermined torque, whereby weight 
reduction/ compactif ication and good durability of the 
tripod joint can be achieved. Fig. 4 illustrates this, jn 
the same figure, a conventional tripod joint is shown in 
the left half and the tripod joint embodying the invention 
is shown in the right half for comparison. 

Further, the provision of relief portions in the 
roller guide surfaces eliminates the danger of the roller 
cutting into the roller guide surfaces when the tripod 
joint is rotating while taking an operating angle; thus, 
the vibration characteristics are improved and reduction of 
vibration of the tripod joint has been achieved, 

Second embodiment of the present invention will now 
be described with reference to Figs* 6 and 7. 

The first and second embodiments are the same as far 
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as the basic construction of tripod joint is concerned and 
as previously described in connection with Figs, 2A, 2B, 3A, 
3B, and 3C. Here, the outer peripheral surface of the 
roller 30 may be a partial spherical surface with its 
center of curvature located on the axis; besides this, it 
may be a convexly curved surface using an arc as its 
generating line with its center of curvature located at a 
position radially spaced from the axis. The form of 
contact of the roller 30 with the roller guide surfaces 14 
may be angular contact as shown in Fig. 5A or circular 
contact as shown in Fig. SB. Angular contact has a certain 
contact angle and occurs at two points, so that contact 
ellipses occur at two points in the direction of contact 
angle. Circular contact occurs between spherical surfaces 
and at one point. In either case, it is necessary to set 
the widrh Ls of the roller 30 so that the contact ellipse 
does not deviate from the end surface of the roller 30 but 
comes within the roller width when a predetermined torque 
is applied. If .the contact ratio is small, the contact 
ellipse becomes larger during torque application, exceeding 
the width Ls of the roller 30, leading to short life. 
Reversely, if the contact ratio is large, the contact 
ellipse becomes smaller, but the surface pressure increases, 
accelerating the wearing of the contact portions, leading 
to short life. Structurally, however, the surface pressure 
in the tripod joint is severest in the region between the 
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trunnion journal 22 and the needle rollers 32; ther&fors, 
it is recommended to set the contact ratio so that the 
surface pressure in this region does not exceed the limit. 
Concretely, the contact ratio should be in the range of 
1.02 - 1.2 or xaore preferably in the range of 1*05 - 1-18* 
Further, the ratio Ls/do of the width Ls to the outer 
dianet-er do of the roller 30 should be 0,24 - 0.27, 

Further, it is desirable that the width Ls of the 
roller 30 and the effective length 1 of the needle rollers 
32 be set so that the contact pressure produced between the 
roller 30 and the roller guide surfaces 14 is substantially 
equal to the contact pressure produced between Lhe trunnion 
journal 22 and the needle rollers 36. 

In the second embodiment, concerning a plurality of 
tripod joints differing froro each other only in the skew 

angle 8 2 of the needle rollers 32 due to radial clearances, 
their induced rhrusts were measured, and the result shown 
in Fig. 7 was obtained. The test conditions are as follows. 

Torque; 294 N ■ m 

Operating angle: 7 deg 

RPM: 150 

Fig. 7 shows the plotting of thrust force measurement data 
with the vertical axis representing the induced thrust 
force in the tripod joint and the horizontal axis 
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representing the calculated skew angle 0 2 (deg) . It is 
seen from the same figure that the thrust force is at a 
minimum when the skew angle 8 2 is in the range of 4.0° 
4.5° , When the skew angle 6 2 exceeds 4.5° , the thrust 
force increase until it saturates at a certain level. 
Further, skew angle 9 2 becomes smaller than 4,0, the" 
thrust force tends to increase. Therefore, concerning the 
skew of the needle rollers 32, setting the skew angle 0 2 
in the range of 4,0° - 4.5° makes it possible to reduce 
the induced thrust in the tripod joint and achieve 
reduction of vibration. 

As described above, the tripod joint according to the 
second embodiment comprises an outer joint member having 
axially extending track grooves formed at three 
circumferentially equispaced positions in the inner 
periphery, a tripod member consisting of a trunnion barrel 
adapted to be fitted to a shaft for torque transmission and 
trunnion journals radially projecting from three 
circumf erentially equispaced positions in the trunnion 
barrel/ and rollers respectively attached to the trunnion 
journals for rotation through a plurality of needle rollers 
and received in the track grooves, each roller being guided 
at its outer peripheral surface by roller guide surfaces 
formed in opposite lateral wails of the track groove. 
Accordingly, it becomes possible to reduce vibration in a 
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tripod joint by controlling the skew angle of the n@@d1 & 
rollers so that it is within a predetermined specified 
value. 

Since the smaller of the two types of skew angles, 
the skew angle (8 1) which can occur due to the 
circumferential clearance and the skew angle { 9 2) which 
can occur due to the radial clearance, is the skew angle 
which can actually occur, measures against skewing of 
needle rollers can be taken by controlling only the latter 
skew angle ( 9 2) , by ensuring that the skew angle (0 1) of 
the needle rollers which can be produced by the 
circumferential clearances is larger than the skew angle 
{ B 2) of the needle rollers which can be produced by the 
radial clearances in an annular space between the roller 
and the trunnion journal {61 > 6 2). 

Third embodiment of the invention will now be 
described with reference to Figs. 8A, 8B, 9A, and 9B. 

The first, second, and third embodiments are the same 
as far as the basic construction of tripod joint is 
concerned and as previously described in connection with 
Figs, 2A, 2B, 3A, 3B, and 3C. Here,, the root of the 
trunnion journal 22, as shown in Fig. 8A, is of two-step 
shape. That is, a step portion rising from the trunnion 
barrel 21 is formed and a cylindrical outer peripheral 
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surface 24 extends from the step portion. The corner at 
the base end of the cylindrical outer peripheral surface 24 
is one continuous R surface having a predetermined radius 
of curvature Rb. In the case of prior art shown in Fig. SB, 
the trunnion barrel 21' directly connects to the 
cylindrical outer peripheral surface 24 ' through an R 
surface having a radius of curvature Ra. As is apparent 
from a comparison between the two figures, there are 
relations Ra > Rb and twl > tw2 . 



Table 1 shows examples with reconsideration given £o 
the dimensional proportions of various portions in the 
embodiment shown in Figs. 2A and 25, 



[TABLE 1] 



ITEM 


RECONSIDERATION OF 
PROPORTIONS (%) 


EFFECTS 
FROM 


RESULTING 








RECONS I DERAT I ON 






Prior 
art 


Examples 


a 


b 


c 


D 




$ds/?CD 


45 - 49 


50 - 55 


O 


O 








Odr/SDj 


60 - 63 


65 - 70 




0 


o 






£D2/ <£D1 


59 - 64 


66 - 72 






o 


0 




Ls/ <j> Ds 


32 - 36 


24 - 27 


O 


o 








*Dj / ^D5 


46-57 


54 - 57 




o 








*Dj/ £ds 


73 - 86 


93 - 86 




o 








Ln/ £ Dj 


58 - 76 


47 - 50 


o } 


o 







In the examples shown in Table 1, the dimensions of 
the various portions (see Figs, 9A and 9B) in the 
arrangement of Figs. 2A and 2B were set as follows. 
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The proportion 100 ( <J> ds/PCD) of shaft diameter/PCD 
was set to 50% - 55%. The shaft diameter <£ ds was 
determined from the allowable load capacity, and the pitch 
circle diameter PCD of the roller guide surface 14 was 
determined from the ratio of the width Ls of the roller 30 
to the outer diameter $Ds. 

The proportion 100 ( $ dr/SDj) of trunnion barrel 
diameter / outer diameter of the trunnion was set to 65% - 
70%. The trunnion barrel diameter * dr was determined from 
the torsional strength during the application of a 
predetermined torque, and the trunnion outer diameter SDj 
was determined from the width Ls of the roller 30, the 

washer height , and the major inner diameter $ Dl of the 
outer joint member 10, 

The proportion 100 ( * D2/ £ Dl) of minor inner 
diameter / major, inner diameter of the outer joint member 
10 was set to 66 - 72%, The minor inner diameter <t> D2 of 
the outer joint member 10 was set to a value which allows 
the securing of an operating region for the shaft diameter 
<£ds and trunnion barrel diameter <£dr, and -the major inner 
diameter Dl was determined from the pitch circle diameter 
PCD of the track groove 12 and the trunnion outer diameter 
SDj . 
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The proportion 100 (Ls/ <f> Ds) of width/outer diameter 
or the roller 30 was set to 24% - 27%, The width Ls and 
cuter diameter 4> Ds of the roller 30 were set to optimum 
values by considering the contact ellipse length and 
contact surface pressure between the roller 30 and the 
roller guide surface 14 when a predetermined toque was 
applied. 

The proportion 100 ( 4> Dj/ 4> Ds) of trunnion journal 
diameter/ roller outer diameter was set to 54% - 57%, The 
trunnion journal diameter Dj was made equal to the 
current dimension in order to secure torsional strength, 
and the roller outer diameter 4> Ds was set on the basis of 
the contact surface pressure* 

The proportion 100 ( <t> Dj/ <f> ds) of trunnion journal 
diameter/shaft diameter was set to 83% - 86%. It was set 
to the same dimension as the current proportion in order to 
secure torsional strength and durability. 

The proportion 100 {Ln/ <f> Dj ) of needle roller 
length/ trunnion journal diameter was set to 47% - 50%. The 
needle roller length Ln was set by considering the maximum 
contact surface pressure for the bearing. In addition, by 
reducing the size of the root R of the trunnion journal 22 
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and thinning the inner washer to correspondingly increase 
the diameter of the root to provide a stepped shsps, tte 
wall thickness between the root and the serration? 
increases and it is also possible to increase the torsional 
strength. 

In Table 1, the columns a * d under the heading of 
effects resulting from reconsideration indicate the 
following items. 

a: lightweight, compact 

b: balance between strength and durability 

c: processability 

d: securing of operating region 

The third embodiment of the present invention, taking 
notice of the facrs that the conventional tripod joints are 
designed with particular attention paid to the aspect of 
strength, particularly the strength of the shaft and that 
in the aspect of durability there is some room in the 
ordinary use, while considering balance between strength 
and durability, reduces the size of the shell of the outer 
joint member as much as possible, thus achieving weight 
reduction and compactif ication of the tripod joint. In the 
aspect of strength, the shaft and the tripod member are 
made substantially equal in strength and in the aspect of 
durability, notice is taken of the contact surface pressure 
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between the needle rollers and the trunnion journal f &n0 
this surface pressure is allowed up to a predetermined 
value, whereby a radically compact design of an outer joinl 
member has been achieved. 

In the aspect of durability/ notice is taken of 
contact surface pressure in the trunnion journal and the 
contact surface pressure in the trunnion journal is allowed 
up to ^bout 1,15 times as large as the usual value (see 
Table 2), as compared with the conventional tripod joint. 
Since the conventional tripod joint has not less than twipe 
the durability of the DOJ (double offset joint), the tripod 
joint according to the nhird embodiment of the present 
invention should have durability equal to or greater than 
that of the DOJ, 



[Table 2] 





Elliptic leg axis 


True circle leg 
axis 


Prior art 


259,2 


343 .7 


Examples 


292.9 


398.1 


Proportion 


1.13 


1.16 



Unit: kgf/mm 2 
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